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(57) Abstract 

The present invention is advantageous when implementing integrated circuits or field programmable gate arrays. Selected 
pins (16) or an upper package (12) are electrically coupled to corresponding pins of the next lower adjacent package such that the 
pins of the uppermost package coupled to the" pins of the lowermost package and correspondingly to the signal leads arid power 
bus conductors. Portions of pins removed from packages before forming the stacked structure to electrically isolate correspond- 
ing pins of upper packages from the pins of lower packages. A template that permits identification of pins to be removed before 
the packages are configured in the stack. Partitioning of the electrical circuit (15) permits a number of bonding patterns to be 
combined m configurations by rotating packages relative to adjacent packages. Each package is provided with additional pins 
used for vertical routing. Heat sinks and heat pipes are attachable to the stack for thermal dissipation 
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Extended Architecture for Field Programmable Gate Array 

BACKGROUND OF THE INVENTION 
This invention relates to a packaging technique 
suitable for implementing an electronic circuit in more than 
one package. It is contemplated that during initial design, 
design engineers will verify the correctness of their design 
by implementing the electronic circuit on a semi-custom mask 
programmable gate array commonly referred to as application 
specific integrated circuits (ASICs) or field programmable 
gate arrays (FPGAs) . 

Due to increasing complexity in typical electronic 
circuits which require hundreds of input and output signals, 
such circuits are typically packaged in pin grid array (PGA) 
packages. Such packages may provide the hundreds of pins 
required for routing power and ground to the integrated 
circuit as well as input and output signal pins (I/O pins) . 
For example, PGA packages are known in the art that provide 
about 565 power and I/O pins in area efficient packages that 
take up little space on a printed circuit board. This small 
footprint of the PGA packages permits more packages to be 
mounted on a printed circuit board, the length of signal 
lead and the capacitance associated with each lead on the 
printed circuit board can be minimized. 

During design verification, it is highly desirable 
to design the printed circuit board such that the pattern of 
signal lines and power buss conductors on the printed 
circuit board conform to the final design pattern. However, 
it has been considered difficult, if not impossible, to 
implement an electronic circuit in an electrical system 
without one or more design iterations. As a consequence, 
one or more electronic circuits, which comprise the 
electrical system, are often implemented in ASICs or FPGAs 
which permit relatively easy design changes once an error 
has been detected. However, due to the inherent 
inefficiencies associated with implementing an electronic 
circuit in an ASIC or FPGA, multiple sub-circuits are often 
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required to implement the electrical circuit intended for a 
single device package footprint. What is needed is a scheme 
for packaging multiple sub-circuits in individual package 
types while satisfying the stated constraint of not changing 
5 the footprint . 

SUMMARY OF THE INVENTION 
The invention relates to the implementation of an 
electronic circuit having many thousands of gates in a 
10 plurality of packages. With the present invention, the 

plurality of packages can be mounted on a circuit board 
using the space or footprint of a single package. This 
technique is particularly advantageous when the electronic 
circuit is implemented on application specific integrated 
15 circuits (ASICs) or field programmable gate arrays ( FPGAs ) . 

Specifically, the present invention permits the 
implementation of such an electronic circuit having, by way 
of example, 3 0,000 gates on several ASICs or FPGAs each 
having, again by way of example, from 8,000 to 16,000 gates. 
20 Using the package technique of the present 

invention, multiple ASICs or FPGAs chips are individually 
packaged and the packages are stacked one on top of the 
other (piggyback style) so that footprint on the printed 
circuit board is that of a single package. Such 
25 piggybacking of multiple packages is especially advantageous 

for FPGAs because the circuit designer has the flexibility 
to troubleshoot and modify the circuit under actual 
operating conditions. 

It is contemplated that the circuit designer will 
30 initially specify the electrical circuit to be implemented 

on the FPGAs or ASICs and once designed and verified, using 
known simulation programs, the circuit will be partitioned 
at selected locations into various sub-circuits. A map may 
be generated specifying the allocation of the various sub- 
35 circuits among a corresponding number of chips and each chip 

is individually packaged. In one especially preferred 
embodiment, the designer may program the sub-circuits on a 
corresponding number of FPGA chips using a field programming 



WO 93/ 



38 



PCI7US92/11026 



3 



10 



module that completes selected electrical connections on the 
FPGA. 

As a part of the partitioning process, a net list 
is also generated that indicates the interconnection of the 
sub-circuits. The net list preferably identifies package 
pins that are to.be selectively removed to form isolated 
busses between two or more packages in the stack. 

Once the various sub-circuits have been 
implemented on the FPGAs and appropriate pins removed, the 
designer may combine the various sub-circuits according to 
the partitioning map in the vertical stacked arrangement and 
the stacked structure may be coupled to the electronic 
system using the footprint of a single package. 

By way of example, if an electronic circuit is 
15 partitioned into four sub-circuits , four packages each 

housing one of the sub-circuits are interconnected in a 
vertical stacked arrangement. In the preferred embodiment, 
the pins of an upper package are electrically coupled to 
corresponding pins of the next lower adjacent package. 
20 Thus, the pins of the uppermost package can be coupled to 

the pins of the lowermost package and correspondingly to the 
signal leads and power buss conductors of the printed 
circuit board. However, by removing a selected pin from one 
package, it is possible to electrically isolate 
25 corresponding pins of upper packages from the pins of lower 

packages. Pin removal permits internal circuit nodes in 
different packages to be connected without coupling the 
nodes to signal leads on the circuit board. In this manner, 
it is possible to provide the same electrical footprint or 
30 pin configuration of a custom integrated circuit with 

multiple FPGAs. 

In oner-. preferred embodiment, each sub-circuit is 
housed in a PGA -.package because of the high density of pins 
provided by this:: type of package. Preferably, the pins of 
3 5 the PGA package are symmetrical so that packages can be 

rotated relatives to adjacent packages. In this manner, 
multiple standard bonding patterns can be combined in a 
large variety -ofCconfigurat ions. In one preferred 
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embodiment, two or three standard bonding patterns are 
provided for use by the designer to keep costs at a minimum. 
It is also preferable that each package have additional pins 
that are used solely for vertical routing and are not 
5 connected or bonded to a circuit node of the corresponding 

sub-circuit. In this manner, non-adjacent packages may be 
coupled without coupling to the intervening package or 
packages . 

As noted above, it may be necessary to remove 

10 selected pins on one or more of the PGA packages. 

Accordingly, the present invention includes a novel method 
for identifying which package pins are to be removed, 
specifically, a template and marker. The template includes 
a plurality of perforated windows that may be removed 

15 enabling the marker to mark or otherwise identify the pin or 

pins to be removed. In the preferred embodiment, the number 
of windows correspond to the number of pins on the package. 

Another advantage provided by the stacked profile 
is the improved dissipation of heat generated by the sub- 

20 circuits. With the stack of packages, increased thermal 

dissipation from the upper packages is possible because 
these packages are better subjected to direct airflow. 
Dissipation is further improved by the use of novel heat 
sinks in combination with the stacked configuration of the 

25 present invention. 

The invention will be better understood upon 
reference to the following detailed description in 
connection with the accompanying drawings. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagrammatic top perspective view of a 
stack of four electrically coupled pin grid array (PGA) 
packages . 

Fig. 2 is a side view of the stack of packages 
35 shown in Fig. 1. 

Fig. 3 is a partial schematic representation of 
four chips packaged in individual packages coupled in the 
stacked manner of Fig. 1. 
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Figs, 4A-4C are diagrammatic illustrations of the 
bottom view of a PGA package. 

Fig. 5 is an illustration of a template that may 
be associated with the packages of Fig. 1 to aid in 
identifying package pins. 

Fig. 6 is an illustration of the template of Fig. 
5 positioned over an inverted PGA package. 

Fig. 7 is a diagrammatic illustration for 
interconnecting selected pins in a three chips stack 
according to the present invention. 

Fig. 8 is a partial side view of the packages of 
Fig. 7 illustrating one manner of interconnecting the 
selected pins in the package stack of Fig. 7. 

DETAILED DESCRIPTION 
Referring now to the drawings, wherein like 
reference numerals designate identical or corresponding 
parts throughout the several views, the packaging technique 
of the present invention is shown in Fig. 1 where several 
electronic packages 12, each housing a sub-circuit on a 
integrated circuit die or chip 15, are interconnected to 
form a vertical stack 10. Fig. 1 is a diagrammatic top 
perspective view of four packages 12 of a type commonly 
referred to as a pin grid array (PGA) . In one particularly 
preferred embodiment, the PGA packages are low cost 
fiberglass packages with copper wires and punch-through 
pins, however, the packages may be made of ceramic or 
plastic. Each package, in the preferred embodiment, has 
more signal pins than the chip has input or output pads. 

Each package 12 has a central chip site 14 to 
which chip 15 is attached. Typically, chip site 14 is 
coated with a metallic alloy and chip 15 is attached with 
silver-filled epoxy although other attachment methods are 
known and may be used in the present invention. Bond wires 
connect selected bond pads on each chip 15 to a 
corresponding package bond pad where each package bond pad 
corresponds to a pin 16 of package 12. The dark square 
interior of pin 16 indicates its electrical connection to a 
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bonding pad on chip 15. As the number of signal pins are 
increased, it is common for packages 12 to have multiple 
tiers of bond pads. By keeping the cavity dimensions of 
chip site 14 relative to the chip 15 dimension, it is 
5 possible to prevent the bond wires from drooping. 

It is important that pins 2 0 and 2 2 also be 
provided on each package 12. Pins 20 are provided with a 
package bond pad but are not bonded to a corresponding pad 
on chip 15. Accordingly, these pins provide an electrical 
10 path for coupling corresponding pins 16 on one package with 

corresponding pins 16 on another nonadjacent package. Since 
pins 20 are not bonded to a chip pad, pins 2 0 do not exhibit 
the dark square interior. Pins 22, although bonded to a 
corresponding pad on chip 15, hence the dark square 
15 interior, are electrically isolated from corresponding pins 

16 on a lower adjacent package. 

The various means of interconnecting packages 12 
in stack 10 may be better understood with reference to Fig. 
2, Here a side view of stack 10 comprising the four 
2 0 packages 12 is shown. Each pin 16 has an upper receptacle 

16a and a lower shaft 16b. In contrast and by way of 
example, pin 22 on the second package 12 in the stack only 
has an upper receptacle portion 22, the lower shaft portion 
having been removed. Pin 22 is thus electrically isolated 
25 from pin 16 of the lower most package 12 in stack 10. 

Another pin 22 is shown isolating the top two packages 12 
from the bottom two packages 12. 

Referring now to Fig. 3, a partial schematic 
representation of four chips arranged in the vertical stack 
30 10 is shown. In one particular embodiment of the present 

invention, each chip has a signal pad 3 0 or 3 2 coupled to a 
corresponding pins 16 or 22 and to a three-state output 
buffer 34 and an input buffer 36. 

In accordance with one significant feature of the 
35 present invention, the shaft of pin 22 has been removed. In 

this manner, pad 30 of chip 4 which is coupled to pin 16 is 
also coupled to pad 3 0 of chip 3 but is isolated from pads 
32 of chips 1 and 2. 



WO 93/ 38 



PCT/US92/ 11026 



7 

In one especially preferred embodiment of the 
present invention, field programmable gate arrays (FPGAs) 
are used to configure the electronic circuit on more than 
one chip. FPGAs provide design flexibility not available 
from other semiconductor technology such as custom 
integrated circuits or application specific integrated 
circuits (ASICs) . To provide maximum flexibility without 
increasing costs, FPGAs are electrically attached or bonded 
to package pins 16 according to one of a limited number of 
bonding patterns. However, with a limited number of bonding 
patterns, there is a loss of flexibility in combining the 
packages in the stack. Accordingly, to increase flexibility 
in interconnecting the packages, additional pins 2 0 and 22 
are provided on each package in a manner that permits each 
package to be rotated relative to adjacent packages. Thus, 
pins 20 and 22 may be used to generate interpackage 
connections that are dependant on the requirements of the 
specific electronic circuit that is implemented on the FPGA 
after the bonding pattern has been chosen. 

In Figs. 4A-4B, a diagrammatic illustration of the 
bottom view of a PGA package is shown where each square 
represents a single pin 16. In typical applications, 
selected pins 16 on each package 12 are reserved for power 
and ground connections, designated P and G, respectively and 
additional pins 16 are reserved for test functions and clock 
signals, designated T and C, respectively. Furthermore, it 
is to be understood that is it possible for some squares to 
represent a pin 22 having its lower shaft portion removed or 
a pin 20 which is not bonded to a pad on the chip. 
Preferably, the remaining squares represent pins 16 that are 
bonded to a corresponding pad on the chip. 

By way of example, one possible bonding pattern is 
shown in Fig. 4B where unbonded pins 20 of a single package 
12 are designated by cross-hatching. A composite view of 
two packages having the bonding pattern shown in Fig. 4B are 
shown in a stack 40 in Fig. 4C. In stack 40, the first or 
lower package has the same orientation as that shown in Fig. 
4B. Although the second or upper package has the same 
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bonding pattern, it has been rotated 90 degrees cloc)cwise 
relative to the first package- It is to be understood that 
the bonding pattern in Fig. 4B is shown of illustrative 
purposes and a wide variety of bonding patterns may be 
5 easily envisioned each of which are within the scope of the 

present invention. 

In stack 40 of Fig. 4C, pins 16 in the region 
denoted by dashed line 42 will be coupled in the same manner 
that pads 32 of chips 1 and 2 are coupled in Fig. 3. Pins 

10 16 in region 44 on the top package will be coupled to pins 

2 0 that are not bonded to the chip carried by the bottom 
package. Thus, pins in region 44 on the top package are 
directly coupled to the signal leads of the printed circuit 
board to which the pins 20 of the bottom package are 

15 attached. Pins 16 of the bottom package in region 4 6 will 

not be coupled to the chip in the top package because 
corresponding pins 20 on the top package are not bonded to 
its chip. Although some of the pins of each package 12 are 
not connected, the number of unconnected pins are minimized 

20 by the ability to rotate packages on stack 40. For example, ^ 

in the embodiment of Fig. 4C, a PGA package is shown having ^ 
126 pins. Using a single bonding pattern, ten pins on both 
packages are unconnected. These ten pins are each 
designated as a square having the double crosshatching. 

25 However, the number of unconnected pins will decrease as the 

number of packages in stack 40 are increased and one or more 
packages are rotated in a manner that utilizes the 
unconnected pins to route an output from an upper package to 
a lower package or the printed circuit board. 

30 Accordingly, significant flexibility is provided 

by pins 20 in combination with rotating one or more packages 
in the stack. However, there is no requirement that the 
packages in stack 40 be rotated. Nor is there a requirement 
that a package be rotated 90 • with respect to the lower 

3 5 adjacent package in stack 40. Accordingly, it should be 

understood that each package in stack 4 0 could be rotated by 
a*, 180* or 270 
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Further, in the above description of Figs. 4A-4C, 
a single bonding diagram is shown, however, added 
flexibility in interconnecting the packages is obtained by 
stacking packages having different bonding patterns. These 
additional bonding patterns further increase the flexibility 
in interconnecting packages 12. 

As noted above with respect to Figs. 1 and 3, 
additional flexibility is provided by removing the lower 
shaft portion of pins 22. Such a feature is especially 
advantageous for stacks of three or more packages 12 because 
a package that is provided with a pin 22 may be coupled to 
pins 16 or 20 of upper packages but isolated from lower 
packages . 

As will be apparent to one skilled in the art, 
partitioning the electrical circuit among the plurality of 
packages 12, determining the appropriate rotational pattern 
and selecting pins that are preferably clipped are tasks 
suited to be implemented as a computer algorithm. 

Although pins 22 provide flexibility, the task of 
identifying and removing the appropriate pin shaft or shafts 
to be removed from among the hundreds of pin shafts is 
difficult. The task of selecting and removing the proper pin 
shaft is especially difficult as the number of pins on 
package 12 is increased. Accordingly, the present invention 
also provide a template which may be used to identify the 
selected pins from which the pin shaft is to be removed. 

One embodiment of the template is shown in Fig. 5. 
In this preferred embodiment, a plastic shell-like enclosure- 
50 is provide having a plurality of easily removable windows 
52 arranged along an upper surface. Selective windows 52 
may be removed from enclosure 50 to expose the shaft of a 
pin below. For example, as shown in Fig. 6 where a single 
package 12 is disposed with the shafts of pins 16 pointing 
upward, enclosure 50 is sized such that it may be placed 
above the inverted PGA package 12 . With selected windows 
removed, as indicated at 54, the shaft of corresponding pins 
16 are exposed while the shafts of adjacent shaft pins 16 
remain covered by windows 52. The exposed shaft portion of 
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pins 16 may then be marked in the manner described below for 
easy identification once enclosure 50 is removed. 

It is preferable, that the dimensions between the 
inner surface of the top plate of enclosure 50 closely 
5 correspond to the maximum height of the shafts of pins 16. 

Accordingly, the dimension of outer side wall of enclosure 
50, denoted as H in Fig. 6, must be sufficient to space 
inner surface 56 closely proximate to the end of the shafts. 
In one preferred embodiment, enclosure 50 is an injected 
10 molded housing having a substantially uniform thickness of 

approximately 0.062 inches- Windows 52, however, are 
preferably attached to enclosure 50 in a manner that allows 
easy removal with any elongated object such as a punch. In 
one preferred embodiment, windows 52 have a thickness of 
15 about 0.03 inches with a partial perforation around the edge 

of each window 52. 

Included with the embodiment shown in Fig. 5, is a 
soft foam ink roller 55 which may be used to mark exposed 
pins 16 using a water soluble ink. In this embodiment, ink 
20 roller 55 is coated with ink rolled across the top of the 

enclosure 50. Wherever a window 52 has been removed, such 
as at 54, ink readily passes through enclosure 50 onto the 
exposed shaft of pin 16. 

In another embodiment, a pad (not shown) having 
25 dimensions approximately equal to the top surface of 

enclosure 50 may be inked and pressed to the top of 
enclosure 50 allowing ink to pass from pad through open 
windows 54 onto exposed pin shaft 16b. 

One advantage of using a water soluble ink to mark 
3 0 exposed pins is that such a solution prevents the build up 

of static electricity that may be generated by the action of 
the soft foam ink roller on enclosure 50. Another advantage 
is that the water soluble ink also eliminates the necessity 
to use chlorof lourocarbon (CFC) solvent as a cleaning 
35 solution in cleaning enclosure 50 after use. Thus, after 

marking the pin shafts to be removed, enclosure 50 may be 
easily removed from the package and cleaned with water. It 
may also be reused in marking additional packages. 
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Once selected shafts of pins 16 are marked, 
enclosure 50 is removed from the package and these shafts 
are removed thereby providing pins 22 which comprise the 
receptacle portion of the pin. 

Stacks 10 and 40 may house an electronic circuit 
that generates a significant amount of heat which must be 
dissipated to prevent damage to the chips. In one 
especially preferred embodiment, a heat pipe is attached to 
stacks 10 and 40. In other embodiments, heat sinks are 
attached to packages 12 to dissipate the heat generated by 
the chips. Heat pipes and heat sinks may be used together 
in a single stack to further increase thermal dissipation. 

By way of example, a heat pipe comprising a metal 
plug is filled with freon or similar gas that encloses stack 
10. The heat generated by chips 15 is transferred to the 
liquid in the heat pipe causing the liquid to evaporate into 
a gas and rise toward the top of the pipe. Since the top of 
the heat pipe is cool, e.g., due to air flow, the gas cools, 
condenses back to a liquid, and cycles back to the bottom of 
the pipe. 

In addition to the heat pipe, stack 10 may also 
include a heat sink, such as a copper plate, attached to 
packages 12 in proximity to the central chip sites 14. The 
heat sinks provide a means for transmitting heat from the 
center of the package to the heat pipe. One skilled in the 
art will understand that the heat sinks may be used without 
the heat pipe if the heat sinks alone will provides 
sufficient thermal dissipation. 

In one preferred embodiment, the heat sinks 
comprise a copper disk having a solid center region and an 
outer region * having a plurality of ope; ings. Each opening 
corresponds to a package pin 16 or a group of package pins 
so that the heat sink will slide over pins 16 and contact 
package 12 immediately under the central chip site. Heat 
will then be conducted by the heat sink from the central 
area outward thereby cooling the chip 15. 

Referring again to Figs. 3 and 4A, an additional 
feature of the present invention is disclosed with respect 
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to pins labeled T in Fig. 4A. The T pins may be used to 
implement various test functions including verification of 
the interconnection of the packages of stack 59. The T pins 
are replicated in each corner of package 12 and are defined 
as a test data input pin, TDI, a test data output pin, TDO, 
a test clock pin, TCLK and a mode select pin, TMODE. With 
these four pins, standard JTAG programming test functions 
may be routed to the various chips. 

Because packages in stack 59 are rotatable with 
respect to adjacent packages, special care must be taken in 
ensuring that the location of the T pins are proper for 
interconnection between packages. One preferred embodiment 
of the arrangement of test pins for a three chips stack is 
shown in Fig. 7. Input signals from the electronic circuit, 
15 represented at 60, are diagrammatically routed to the TDI, 

TMODE, TCLK inputs and routed from the TDO output. 
Interconnection from circuit 60 to the inputs of package 3 
are provided through package pins 16 and 20. Specifically, 
test data input to the TDI pin is routed from circuit 60 
20 through a pin 2 0 of package 1. As noted above with respect 

to Fig. 1, pin 2 0 is not electrically connected to chip 1. 
In this manner, a signal may be passed from circuit 60 to a 
pin 2 0 of package 2. Since pin 2 0 of package 2 is 
electrically connected to pin 16 of package 3, the input 
25 signal from circuit 60 is thus coupled from circuit 60 

directly to the TDI input of package 3. 

Input from circuit 60 to the TMODE and TCLK are 
coupled in parallel. Specifically, since TMODE and TCLK are 
common to each of the three packages, one pin 16 of package 
30 l is bonded to the TMODE input of chip 1. Similarly, one 

package pin 16 of package 2 is coupled to the corresponding 
pin 16 of package 1 and is bonded to the TMODE input of chip 
2. Finally, one pin 16 of package 3 is coupled to the 
corresponding pin 16 of package 2. With the above described 
35 pin coupling, the input signal from circuit 60 is provided 

in parallel to each TMODE input of the three packages in 
stack 59. The TCLK input of each package is similarly 
coupled using pins 16. The test data output TDO of packages 
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3 and 2 are coupled to the corresponding TDI input of 
packages 2 and 3, respectively, by pins 16. 

Interpackage connection of TDI and TDO may be best 
understood by reference to Fig. 8 which shows a side view of 
package stack 59. Specifically, two pins 20 of package 1 
and 2 electrically couple circuit 60 to package 3. An 
internal jumper 64 electrically couples pin 16 to the TDI 
input. The pin normally associated with the TDI input of 
package 3 is removed as indicated by pin 2 2 which has had 
its shaft removed in the manner described above. 
Accordingly, the TDI input is electrically isolated from the 
package below. As data is provided by circuit 60 to the 
TDI, TCLK and TMODE inputs, various test structures provided 
on chip 3 generate an output at the TDO output. This output 
15 is coupled from package 3 to the TDI input of package 2 by 

pin 16. 

Since the pin 22 that would normally couple the 
TDI input of package 2 to package 1 has been removed, the 
TDI input of package 2 is electrically isolated from the TDO 

2 0 output of package 1. Internal to package 2, the TDI input 

is electrically coupled to the TDO output by circuitry 
indicated by line 66. The TDO output of package 2 is 
coupled by another pin 16 of package 2 to the TDI input of 
package l. To isolate the TDI input of package 1 from 
25 circuit 60, pin 22 associated with TDI has its shaft 

removed. The TDO output of package 1 is coupled to circuit 
60 by pin 16 of package 1. In this manner, a test signal 
input can be routed to package 3, filtered through the 
various chips to verify correct implementation of stack 59 

3 0 with the output read from pin 16 of package l. 

It should be understood by one skilled in the 
art that the present packaging scheme is representative only 
and is not dependent on a specific number of pins or bonding 
diagram. Such packaging scheme may clearly be extended to 
3 5 packages having a greater number of pins and different 

bonding patterns. Although the present invention has been 
described in connection with a preferred embodiment thereof, 
many variations and modifications will now become apparent 
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to those skilled in the art. It is preferred, therefore 
that the present invention be limited not by the specific 
disclosure herein, but only the appended claims. 
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WE CLAIM: 

1. In an electronic system having a circuit board for 
mounting electronic packages, said system including at least 
one integrated electronic circuit partitionable into a 
plurality of sub-circuits, a package scheme comprising: 

means for partitioning said integrated electronic 
circuit into at least two sub-circuits each having a 
plurality of input and output bonding pads and a plurality 
of power and ground pads; 

a plurality of electronic packaging means for 
mounting said sub-circuits so that each of said sub-circuits 
are mounted into a corresponding one of said packaging 
means ; 

first and second interconnection means; said first 
interconnection means for coupling said bonding pads and 
said power and ground pads to said second interconnection 
means; said second interconnection means for vertically 
interconnecting said plurality of packages to said circuit 
board such that said sub-circuits are interconnected to form 
said electronic circuit. 

2. The packaging scheme of claim 1 wherein said 
electronic packaging means comprises a pin grid array 
package having a plurality of input and output pins, a 
plurality of clock pins and a plurality of power pins, 

3. The package of claim 2 wherein said power and 
clock pins are disposed in a rotatably symmetrical pattern. 

4 . The packaging scheme of claim 1 wherein said 
electronic packaging means comprises a body portion for 
housing said sub-circuit, a plurality of package pins and 
means for interconnecting input and output signals from said 
sub-circuit to said package pins; each of said package pins 
having a substantially cylindrical shape with a lower 
extension and an upper receiving end; said receiving end of 
each package pin sized complementary to the lower extension 
of said package pins such that insertion of the lower 
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extension of one package pin in the receiving end of another 
package pin electrically couples said package pins, 

5. A method for partitioning an electronic circuit 
5 among a plurality of multi-pin packages comprising: 

determining the number of sub-circuits into which 
said electrical circuit is to be partitioned; 

applying a partitioning transformation to said 
electronic circuit so as to partition said electronic 
10 circuit into at least two sub-circuits each having a 

specified number of logic gates and signal inputs and signal 
outputs ; 

attaching each of said sub-circuits to a 
corresponding one of said packages such that each signal 
15 input and signal output of said sub-circuit electrically 

connected to a corresponding one of said package pins; 

removing selected ones of said package pins; 
vertically stacking said packages such that said 
package pins electrically connect selected signal inputs and 
20 signal outputs of one package, with selected signal inputs or 

signal outputs of another of said plurality of packages. 



6. The method of claim 5 wherein said sub-circuits 
comprise field programmable gate arrays bonded according to 

25 one of a plurality of standard bonding patterns. 

7. The method of claim 6 wherein each of said 
packages are rotated relative to adjacent packages. 



30 8. The method of claim 5 wherein said partitioning 

transformation further comprises the steps of: 

generating a pin map for each of said plurality of 
packages designating selected ones of said plurality of pins 
to be removed; 

35 generating a stack map for specifying the order in 

which said plurality of packages are to be stacked and the 
rotational orientation of said packages; 
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generating a test pattern that verifies the 
operation of said electronic circuit when said sub-circuits 
are interconnected in a stacked vertical manner. 

5 9. The method of claim 5 further comprising 

interconnect means for coupling selected ones of said signal 
inputs and signal outputs of said stack of vertically 
interconnected packages to an electronic system. 

10 10. The method of claim 9 wherein said interconnect 

means comprises an electrical socket adapted for coupling 
the signal inputs and signal outputs of one of said packages 
to said electronic system. 

11. A method for vertically interconnecting an 
electronic circuit, partitionable into a plurality of 
individually packaged sub-circuits, to an electronic system; 
said method comprising the steps of: 

1) providing a location in said electronic system 
adapted to receive the signal pins of one of said packaged 
sub-circuits ; 

2) designating and removing from each of said 
packages selected ones of the plurality of package pins; 

3) generating a partitioning program diagram and 
vertically stacking said packages according to said 
partitioning program diagram; 

4) adding a heat pipe to the top of said package 
stack; and 

5) inserting said package stack into said location. 



20 



25 



12. The method of claim 11 wherein said packaged sub- 
circuits are inserted into said location individually. 
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